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Isolated PI’-ATPase from chromaffin granules was reconstituted into liposomes and the resultant proteoliposomes were further purified by Ficoll 
density gradient centrifugation. Studies by electron microscopy showed that proteoliposomes had particle structures (average diameter. about IO 
run) on their outer surface. These particles could be removed from the proteoliposomes by cold treatment. Immuno-electron microscopy showed 
that these particles were recognized by antibodies against the hydrophilic sector of the enzyme. These results indicate that the I-I+-ATPase has a 
peripheral membrane structure similar to that of F,-ATPase. 
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1. INTRODUCTIQN 
Chromaffin granules, secretory vesicles of adrenal 
chromaffin cells, contain vacuolar-type W-translocat- 
ing ATPase [ 1,2]. This ATPase establishes an electro- 
chemical gradient of protons across the membranes that 
is the driving force for uptake of catecholamines by the 
granules [3,4]. The ATPase has been purified to homo- 
geneity [5J and its structure and function have been 
investigated ([S- 131 and reviewed in [ 11). 
The purified ATPase is composed of 9 different poly 
peptides with molecular masses of 115, 72, 57, 41, 39, 
34, 33, 20 and 17 kDa [5.6,8]. The ATPase is inhibited 
by cold-treatment in the presence of Mg-ATP and salts 
[83, and in parallel with this inhibition, a set of subunits 
(72, 57, 41, 34 and 33 kDa polypeptides; subunits A to 
E) are released from the enzyme complex, suggesting 
the presence of peripheral and membrane sectors of the 
enzyme. 
By analogy with F,F,-ATPase, which consists of a 
peripheral F, portion and a membranous F0 portion 
[ 141, it seemed possible that the putative peripheral por- 
tion of chromaffin I-I+-ATPase might be detectable as 
a particle on the surface of the granules. In fact, small 
particles (average diameter 9 nm) were detected on the 
surface of chromaffin granules in earlier studies [ 15,161, 
although no evidence was obtained that they corre- 
sponded to the peripheral portion of the ATPase. Mo- 
reover, preparations of chromaffin granules contain mi- 
tochondria and their fragmented membranes, and thus 
arc contaminated with F,F,-ATPnse [7]. Thus. furthe] 
studies using purified ATPase are necessary to deter- 
mine whether the particles on the membranes of chro- 
maffin granules are in fact the peripheral portions of the 
I-V-ATPase complex. 
In the work we reconstituted proteoliposomes with 
purified I-I*-ATPase and obtained evidence that the 
ATPase has a peripheral membrane structure like F,- 
ATPase. 
2. MATERIALS AND METHODS 
2.1. Materials curd preparatiom 
Most of the chemicals used were purchased from Sigma. Protein 
A-gold particles were prepared as described previously [ 171. Bovine 
adrenal glands were obtained from a local slaughterhouse, 
Chromaffin granule membranes wcrc prepared from bovine adrenal 
glands and stored at -7OOC [5,6]. The H+-ATPase was purified and 
reconstituted [5.6]: the specific activity of the reconstituted ATPasc 
was 3.0-3.5 unitslmg protein. One unit of the enzyme was defined as 
the amount liberating I p mol of inorganic phosphate from ATP pa 
min. Antibodies were prcparcd by injecting the 72 or 57 kDa subunit 
of H”-ATPase elcctro-eluted from sodium dodccyl sulfate polyacryla- 
mide gel into albino rabbits [18,19]. 
Rcconstiluted proteoliposomcs wcrc purified by Ficoll density gra- 
dient ccntrifugation. Typically, 400 ~1 of protcoliposomc suspension 
(0.5 mg protcinlml) was applied to a continuous Ficoll gradient (IO- 
30%) (4 ml) containing 20 mM MOPS-Tris (pH 7.0) and 0.5 mM 
dithiothrcitol. After ccntrifugation at 237 000 x g for 4 h, two bands 
wcrc collected by pipcttc for further studies. 
The puriiicd protcoliposomcs wcrc suspcndcd in 20 mM MOPS- 
Tris (pi-l 7.0) containing 0.1 M NaNO,, 0.5 mM dithiothrcitol and 5 
111141 Mg-ATP and incubated in an ice bath for I h (cold trcalmcnt). 
The mixture was then ccntrifugcd at 22 7000 x g for I 17 and lhc 
prccipitacc (protcoliposomcs urtcr cold trcatmcnt) was suspc~~dcd in 
20 mM MOPS-Tris (pII 7.0). 0.1 M NaCl and 0.5 mM dithiothrcitol. 
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Fig. I, Purification of reconstituted proteoliposomes. Proteoliposomcs were fractionated by Ficoll density gradient ccntrifugatioa as described in 
section 2. Panel A illustrates the patterns of separation of samples by centrifugation. Panel E? shows the ATP-dependent K+-transport activity 
measured as change in absorption of acridine orange [7]. The assay mixture contained 20 mM MOPS-Tris (pH 7.0), 0.1 M KCI, 1 c(g valinomycin, 
15 nmol of acridine orange and 4 ,ug of l-l’-ATPase. Mg-ATP (1 mM) and p-trifluoromcthoxyphenylhydrazone (FCCP) (1 ,uM) were added at the 
indicated times. 
phosphate-buffered saline (pK 7.4) and negatively stained with 2% 
uranyl acetate. For immune-staining, the reconstituted enzyme at- 
tached to the grid was incubated in phosphate-buffered saline contain- 
ing 2% gelatin for IO min, and then treated withantibodiesdiluted 100 
x with phosphate-buffcrcd saline containing 2% gelatin for 15 min. 
After repeated washings with the same buffer. the grid was incubated 
for an additional 15 min with protein A-gold particles (4 nm, 
OD,,,=0.03) diluted in phosphate-buffered saline containing26 gela- 
tin, The grids were then washed with 0.1 M cacodylate buffer (pK 7.4) 
and fixed for 10 min with 2% glutaraldchydc in the same buffer. 
Absorption staining of the reconstituted enzyme on the grids was 
carried out using 0.3% uranyl acetate and 3% polyvinyl alcohol as 
described by Tokuyasu [20]. 
2.4. O(ker prmcedu~.s 
Published methods were used for measurcmcnt of protein conccn- 
tration [21]. and assay of ATPasc activity [5] and ATP-dcpcndcnt 
H’-transport activity [5]. 
separated by this centrifugation (Fig. 1). These 2 frac- 
tions contained similar amounts of AT’Pase, as deter- 
mined by assay of ATPase activity and staining of sub- 
units with Coomassie briliant blue after their separation 
by gel electrophoresis in the presence of sodium dodecyl 
sulfate (not shown). However, ATP-dependent I-I*- 
transport activity was recovered only in the upper frac- 
tion (fr. I) and no activity was detectable in the lower 
fraction (fr. II). Addition of a detergent (0.05% polyo- 
xyethylene 9 laurylether (&E,) or Triton X-100) com- 
pletely abolished the ATP-dependent W-transport ac- 
tivity without affecting the rate of hydrolysis of ATP. 
These resuIts suggest that fraction I contained function- 
ally active sealed proteoliposomes in which almost all 
the enzyme was located at the outer surface. 
3. RESULTS AND DISCUSSION 
3. I . PurQikntion of jimfioncilly uctiw p~c~teolij~osome~s 
For topological analysis of l-I’-ATPase, it was impor- 
tant to prepare sealed protcoliposomcs with active 
ATPase incorporated into their surface. However, pre- 
liminary cxarnination by electron microscopy showed 
that the fraction reconstituted with purified H*-A’TPase 
consisted of a mixture of scaled protcoliposomes and 
membranous fragments (not shown). Thus, the recon- 
stituted membranes were further fractionated by Ficoll 
density gradient ccntrifugation to obtain functionally 
active proteoliposomcs~ 
Two populations of reconstituted membranes wcrc 
Figure’2 shows”the lectron microscopic appearance 
of reconstituted membranes in fraction I: essentially all 
membranes were sealed proteoliposomes, and particles 
(average diameter, about 10 nm) were dctectcd on their 
outer surface (Fig. 2A). Thcsc particles could be rc- 
moved by cold treatment in the presence of Mg-ATP 
(not shown). The supernatant obtained by centrifuga- 
tion of fraction I after cold treatment contained hydro- 
philic subunits of the ctrzymc [S] and similar particles to 
those detected on the surface of protcoliposomes (Fig. 
2B). Thcsc results suggested that these particles corrc- 
spondcd to the peripheral portion of the H”-A’r’Pase, 
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Fip. 2. EIcclron.nricroscopic ilppC;KlllCC Of I.cCir~dtlltCd 9" ATI':rw hncl A. wgiltivcly sklincd rccoiistitutcd vcsiclcs: 8, fractiw rslewd by 
cold tNXIlI1lCtlI. PiirliClC wucturcs ;II’c indiriltCd by wows. 7’hC bar rcprcscnts 100 11111, 
Antibodies against he 72 nnd 57 kDa subunits of ttlr carrcspanding prcimmut~c scra did not (data not 
ATPa~c rccognizcd the particlcs (Fig. 3, wkcrcns the st~own): gold particles bound to the s~ructurcs extruding 
Fig. 3. Recognition of particles by antibodies against hydrophilic subunits. Immunoelectron microscopy with antibodies against the 72 kDa (panel 
A) or 57 kDa (panel B) subunit was carried out using protein A labeled with gold (indicated by arrows). The bar represents 100 nm. 
from the membranes. Essentially no gold particles were 
detectable on the surface of proteoliposomes that had 
been subjected to cold treatment and extensive washing. 
These results indicated that the particles carried the 72 
and 57 kDa subunits of I-I+-ATPase, confirming the 
conclusion that they corresponded to the peripheral 
Dortion of the PI’-ATPase. 
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